A 1-ml aliquot of a 48-h culture of P. fluorescens str. NCIMB 11764 was inoculated into 100 ml of autoclaved Luria-Bertani (LB) growth medium. The concentrations of trace elements in the growth medium as determined by ICP-OES analysis are shown in Table S1 . Prior to inoculation, the growth medium had a pH of 6.90. Autoclaved solution sample chambers with Kapton TM film windows (0.3 mm thick) were mounted in the beakers to enable harvesting of surface-adhered P. fluorescens cells from the same culture that produced the planktonic cell samples. These sample chambers enable XRF analysis of adhered and hydrated microbes. Cultures were grown aerobically on a rocking stage for 3 days to stationary phase (as determined by optical density readings). An additional set of cultures was treated with potassium dichromate solution [Cr(VI) at 1000 ppm and 25 ppm] for 6 hours. Sample holders with adhered cells were removed from the growth chamber, rinsed in 18-Mohm water to remove growth medium and cells loosely attached to the Kapton TM , filled with 18-Mohm water, and sealed with another piece of Kapton TM film. At harvest, the cell suspension had a pH of 8.33. After centrifugation and rinsing with 0.1 M NaClO 4 , the biomass representing planktonic P. fluorescens cells was chemically fixed with 2.5% glutaraldehyde for 1 hour, rinsed in autoclaved 18-Mohm water, deposited on 200-mesh Formvar-coated transmission electron microscopy Au grids, and allowed to air-dry in a dust-free environment. Fixation of planktonic microbes ensured that the cells remained stationary during the micro-XRF measurements. Additional elemental analyses were performed on surfaceadhered cells, prepared in the same manner as the chemically fixed planktonic cells. Results from these studies were similar to those for the hydrated samples. Cr XANES measurements were not performed on the chemically fixed surface-adhered cells.
Material and methods
A 1-ml aliquot of a 48-h culture of P. fluorescens str. NCIMB 11764 was inoculated into 100 ml of autoclaved Luria-Bertani (LB) growth medium. The concentrations of trace elements in the growth medium as determined by ICP-OES analysis are shown in Table S1 . Prior to inoculation, the growth medium had a pH of 6.90. Autoclaved solution sample chambers with Kapton TM film windows (0.3 mm thick) were mounted in the beakers to enable harvesting of surface-adhered P. fluorescens cells from the same culture that produced the planktonic cell samples. These sample chambers enable XRF analysis of adhered and hydrated microbes. Cultures were grown aerobically on a rocking stage for 3 days to stationary phase (as determined by optical density readings). An additional set of cultures was treated with potassium dichromate solution [Cr(VI) at 1000 ppm and 25 ppm] for 6 hours. Sample holders with adhered cells were removed from the growth chamber, rinsed in 18-Mohm water to remove growth medium and cells loosely attached to the Kapton TM , filled with 18-Mohm water, and sealed with another piece of Kapton TM film. At harvest, the cell suspension had a pH of 8.33. After centrifugation and rinsing with 0.1 M NaClO 4 , the biomass representing planktonic P. fluorescens cells was chemically fixed with 2.5% glutaraldehyde for 1 hour, rinsed in autoclaved 18-Mohm water, deposited on 200-mesh Formvar-coated transmission electron microscopy Au grids, and allowed to air-dry in a dust-free environment. Fixation of planktonic microbes ensured that the cells remained stationary during the micro-XRF measurements. Additional elemental analyses were performed on surfaceadhered cells, prepared in the same manner as the chemically fixed planktonic cells. Results from these studies were similar to those for the hydrated samples. Cr XANES measurements were not performed on the chemically fixed surface-adhered cells.
The viability of P. fluorescens cells after exposure to Cr(VI) was determined by using the LIVE/DEAD ® BacLight™ kit (Molecular Probes, Eugene OR) as described by the manufacturer. Briefly, cell suspensions were stained with two nucleic acid stains, SYTO ® 9 (a green fluorescent stain) and propidium iodide (a red fluorescent stain). Because of changes in permeability, live bacteria with intact membranes fluoresce green, while dead bacteria with damaged membranes fluoresce red when examined by fluorescence microscopy using the appropriate optical filters.
To maximize detection of Kα XRF radiation from low-atomic-number elements and to remove background XRF radiation from atmospheric Ar, samples measured in the XRF microscope were maintained in a free-flowing He gas environment. Because the focusing efficiency of the zone plate is reduced with increasing x-ray probe energy in the present configuration, production of 150-nm-sized x-ray beams (and hence spatial resolution) is limited to x-ray probe energies no greater than 10 keV. This limits excitation of 1s-orbital electrons to elements with atomic number no greater than 30 (Zn). Hence, the x-ray microscope in its present configuration is optimized for determining the spatial distribution of elements (via Kα fluorescence radiation intensities) with atomic numbers ~14 to 30, inclusive. Typically, the distributions (i.e., position, size, morphology, and orientation) of elevated XRF signals correlates well with previous optical microscopy characterizations of the microbes in the sample. Once precise (~150-nm resolution) x-ray microscope coordinates of the microbes were determined, the x-ray microbeam was positioned within 150 nm of the center of the microbe, and an XRF spectrum was measured for 500 s. An XRF spectrum was also measured ~5 µm from the microbe to determine the intensity of the background radiation of the experimental setup. Comparison of the XRF intensities for the microbes and thin glass film standards [National Institute of Standards and Technology (NIST), 1832 and 1833] -measured under the same experimental conditions, (experimental geometry, Kapton TM film attenuators, etc.) and normalized to incident x-ray beam intensity -enabled the determination of the average area concentration of elements in each microbe. Under the assumption that the density of a microbe is very similar to that of water(1 gm/cm 3 ) and has a known thickness (assumed to be equal to the width of the cell, as determined from the XRF image), area elemental concentrations (mg/cm 2 ) were converted to average volumetric elemental concentrations (ppm in solution) for each microbe. The attenuation of the fluorescent x-rays by 1 µm of water is less than 10% for Ca fluorescence and less than 50% for P fluorescence. However, comparable self-absorption effects (4% for Ca and 14% for P) were introduced with the NIST thin film standard. Final results in Table S1 were corrected for these effects.
After the XRF measurements of the microbes, samples were observed optically with an Olympus BX60 microscope (50× magnification). No visible damage to the cells was detected. XRF imaging experiments of Kapton TM film without surface-adhered microbes did not indicate high concentrations of Ca and P with sizes and morphologies similar to the P. fluorescens cells used in these experiments.
Supporting Text
Surface-adhered cells typically outnumber planktonic cells 200 to 1000 times in natural environments (S1) and have been routinely isolated from chromium-contaminated sites (S2) . A detailed discussion of P. fluorescens and its relevance in environmental systems can be found elsewhere (http://genome.jgi-psf.org/draft_microbes/psefl/psefl.homelhtml).
Comparison of the distribution and gradients of Ca, P, and Fe (an element usually closely associated with cells because of its importance in a variety of biochemical processes) for the surface-adhered cells indicates high concentrations and steep gradients for Ca and P outside the cell, where most of the Ca and P are found. It is also possible to estimate the effective thickness of a CaPO 4 moiety associated with the attached cells if (i) the density of the CaPO 4 moiety is assumed to be ~3 gm/cm 3 and (ii) the vast majority of the Ca and P associated with the cell is present as a CaPO 4 moiety. With these assumptions and with calculations similar to those explained above, the effective thickness of the CaPO 4 moiety is estimated at ~0.4 µm.
Radiation-induced reduction of Cr(VI) to Cr(III) could have occurred in our experiments. To investigate the extent of such an effect, the x-ray probe energy was set to the value consistent with the pre-edge feature commonly used to identify Cr(VI) (~5994 eV), and a sample of hydrated and centrifuged P. fluorescens biomass previously exposed to a solution of Cr(VI) was placed in the x-ray beam. Partial reduction of additional Cr(VI) occurred, but at a rate that allowed us to estimate conservatively that, during the Cr XANES measurement of the surfaceadhered samples (~10min.), the effect of radiation-induced chemical reduction of the Cr was less than 25% in our samples.
A control experiment was performed to distinguish between active and passive biotic reduction of Cr(VI). Because heat or chemical treatments can cause significant alternations to the cell wall structure, planktonic cells were made metabolically inactive by exposure to gamma radiation from a Cs source for 1.5 hours at 35,000 rads/hours. This procedure has been demonstrated previously to kill over 90% of B. subtilis cells, with minimal disturbance to the cell wall structure or integrity. (3) Two experiments were run: one with irradiated cells, and another with nonirradiated cells. In both cases, the cells were exposed to Cr(VI) solutions at the same concentrations as those used in the x-ray microscopy studies. Cr k-edge XANES studies of the centrifuged biomass resulting from all of these experiments indicated 80% ± 15% of the Cr(VI) was reduced to Cr(III). These results are consistent with our x-ray microspectroscopy measurements of individual planktonic cells and our conclusion that under these conditions the reduction of Cr(VI) by planktonic P. fluorescens cells is not an active metabolic response. Table S1 . Results of quantitative analysis of x-ray fluorescence spectra. Spectra were collected from the center positions of cells to determine the average and standard deviation of elemental concentrations for the cells measured and ICP-OES elemental analysis of LB growth media used in these experiments. Values are in ppm (by mass) with the assumption that the density of the microbes is 1.0 g/cm 3
. The number in parentheses in each row heading is the number of either microbes measured with XRF or LB growth solutions measured with ICP-OES. The number in parentheses in each concentration is the standard deviation for that average value. ND, Because of the high intensities of the Ca and P fluorescence radiation, the S, Cl, and K concentrations could not be determined accurately for the surface-adhered cells.
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